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. SECT Ib N I 
1.0 INTRODUCTION AND SUMI\IARY - 

I 

Eotorola i s  submitting t h i s  f ina l  report  t o  complete t h e  f i n a l  requirements 

of Contract NAS 8-20546. 

1966. 

S e t  proErsm since t h e  beginning. 

a d d i t i o n a l  t e s t  data ,  and recommendations. 

It covers t h e  period from June 1, 1966 t o  September 1, 

I n  addi t ion,  it summarizes some of t h e  s i g n i f i c a n t  events of  t h e  CCS Test 

Included a r e  technica l  achievements, schedules, 
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SECTION I1 

2.0 F E V E I t J  AND ACCOWLLSHHMENTS 

2 . 1  S U N M R Y  OF SCOE AND CHANGES 

The con t r ac t  was signed on 3 December 1965. It provided f o r  the  d e l i v e r y  of 

f i v e  ( 5 )  Cornnand & Cornmica t ions  System (CCS)  Transponder Test Sets with s u i t a b l e  

documentation, and l imi ted  personnel t r a i n i n g  a t  both Kennedy Space Center (KSC) 

and Iv!arshall Space F l igh t  Center (MSFC). 

scheduled to be 17  weeks a f t e r  cont rac t  award. 

t.0 be de l ivered  i n  3-week i n t e r v a l s ,  except t h a t  t h e  last  2 were t o  be del ivered 

Delivery of t h e  f irst  u n i t  was i n i t i a l l y  

Subsequent units were scheduled 

concurrently.  

d e s t i n a t i o n  are summrized as follows : 

The a c t u a l  shipping dates  agreed upon, t es t  s e t  configurat ion,  and 

S e r i a l  Type o f  I n t e r  -rac k 
Date No. Racks C ab Hnr: T O  

-II - - 
h A p r i l  1 "MSFC (for I B M )  Motorola TOP 

25 April 2 KSC CliX ar op 
16 IC.xy 3 MSC ( f o r  IBM) Mot or0 LR Top 

6 J?1..lC? 4 KSC GFE Top 

6 June 5 MSFC Mot o ro l a  L o w 0  r-Ka nr 

On 3 ::mum-y 1966, Motorola was ve rba l ly  red i rec ted  t o  provide an nutornntic 

precis  h n  r n n j i n q  system i n  place of the  one spec i f i ed  i n  the o r i g i n a l  work 

statement.  

code acqmisi t ion,  and a 1 nanosecond reso lu t ion  Hange Delay Counter. 

nrrucd t h a t  Test Se t  S/N's 1, 2, .and 3 would be de l ivered  without any ranCl;inc 

r~:; tern.  

c!.,1i.vc.:ry, 

1ritL;rvnls . fo l lowinr  t h e  de l ive ry  of t h e  last t e s t  set .  

S i c n i f i c a n t  fea tures  of this system were apc of t h e  clock, autonL?tti,c 

It was 

berial KO.':; 4 and 5; would have t h e  ranging c a p a b i l i t y  included a t  

Then S/lJts 1, 2, and 3 would be r e t r o f i t t e d  i n  the  f i e ld  at 3-7.12:ek 

2 -1 
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During a subsequent meeting i n  January, o t h e r  changes were discussed i n  

addi t ion  t o  t h e  ranging and were l a t e r  incorporated i n t o  t h e  system by a c o n t r a c t  

Modification Number 2,  These items were: 

1. The addi t ion  of an automatic sweep decay c i r c u i t  f o r  use i n  c a r r i e r  

acqu i s i t i on  tests. 

The addi t ion  of a 600 H z  VCO in  each of t h e  5 systems. 

Addition of t h e  c a p a b i l i t y  t o  ad jus t  t h e  output of t h e  TWT Power 

A ?$if ie r  continuously. 

The addi t ion  of an audio monitor f o r  t h e  r ece ive r  and 2 head sets 

2. 

3.  

L. 
i n  each of t h e  5 systems. 

Provisions f o r  a l O c K  output impedance on the transponder te lemetry 

funct ions.  These were o r ig ina l ly  spec i f i ed  t o  be la. 

Change t h e  input  t o  t h e  PCM Telemetry 1.02h MHz Bi-Phase Modulator 

from single-ended t o  double-ended balanced t o  ground a t  t h e  f r o n t  

5 .  

6 .  

' 

7. 

panel of t h e  modulation control ,  

Provide 5 -20  M h  c r y s t a l  f i l t e r s  with 2 WIz bandpass, for i n s t a l l a t i o n  

on t h e  Hewlett-Fackarrl RF Spectrum Analyzer. 

Kake provisions f o r  monitoring t h e  ex te rna l  te lemet ry  funct ion of 8. 

t he  transponder when the  Tes t  Set is i n  t h e  V U  or PAD modes. 

9. Add a drawer (Antenna Status  drawer) with l i g h t s ,  ampl i f ie rs ,  and 

p m e r  supply  f o r  t h e  purpose of monitoring t h e  condi t ion of r-f 

switches ex te rna l  t o  t h e  Test Set. 

Due to above ch,mir,es, a revised de l ive ry  schedule was agreed upon which is  

S / N  2 

ShippinF: Date 

4-13-66 

4-25-66 

Dest inat ion 

Kl E'C 

I_ 

KSC 

K S  C 

2 -2 
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Ranging Hetrofit  t o  be included i n  S / N  4 and S/N 5. 

Retrof i t  f o r  

S/N 1 

s/N 2 

S/N 3 . 

Shipping Date 

6-23-66 

6-5-66 

6-23-56 

During February and March, t h e  program s l ipped  behind schedule due to a 

v a r i e t y  of problems, such as parts shortages,  t he  impact of t h e  changes, and 

t echn ica l  problems associated with t h e  f i r s t  un i t .  

h e l d  with key personnel from both MSFC and Motorola. 

nroblems were discussed i n  d e t a i l .  

from Xotorola f o r  a l l  de l ive rab le  i t em.  

exnhasis was being placed on t h e  program. 

During Apr i l  a meeting was 

Technical and schedule 

WFC requested a firm schedule comi tRent  

Motorola assured NSFC t h a t  major 

The revised schedule was presented 

t o  IGFC and i s  summarized. 

DELWdKhBLE ITEMS 

Test S e t  

S I N  1, l e s s  Ranging 

S/N 2, less Ranging 

S/!q 3, less Ranging 

S l r i  5 ,  complete 

S/N I r ,  complete 

Ranring Ret rof i t  
-I_-- 

S/N 1 and S/N 3 

Antenna S t a t u s  Panel 

DELITERY SCI!EDULE; 
AT DESTINATION 

(Assuming Shipment in 
an Electronic  Van) 

I_ 

5 -lL -66 

6-20-66 

74.0- 66 

8 -10-56 

8 -28 -66 

8-28-66 

8-10-56 

6-15 -66 

6-30-65 

Concurrent with ‘rest Set 
S / x  3 ,  L, i; 



~~ 

Documentation 

DSLIVERY SCH!3DULE 
AT DESTINATION 

(Assuming Shipment i n  
Electronic  Van) 

Preliminary Draf t  Documentation Concurrent, with Test Set 
s h  1, 2 ,  3 

Fina l  Documentation with copies 
concurrent with - 

2 ea Tes t  Se t  S/N 5 8-10-66 

2 ea Test Se t  S / H  2, Ret rof i t  8-10-66 

2 ea Test S e t  S/N 1, 3,  Ret ro f i t  8-28-66 

2 ea Test S e t  S/?J 4 

Documentation Reproducibles, 2 ea  9-1-66 

8 -28 -66 

Final Report 9-8-66 

F u l l  S ize  Documentation Reproducibles 9-8-66 

After t h e  checkout and test of System No, 1, technical problems were un- 

covered which Notorola inves t iga ted  on subsequent uni ts .  

were he ld  t o  determine how important the problems were and tile extent of the 

f i x e s .  These problems were: 

Numerous meetings 

1. VCO phase j i t t e r  was w i t h i !  spec, but it was f e l t  t h a t  it could be 

im?roved 

The r-f leakage w a s  not completely covered by t h e  s p e c i f i c a t i o n  ~znd 2. 

some de f i c i enc ie s  were found. 

K M  dr ive r  did not meet a l l  of the  des i red  requirements, althouKh it 

d i d  meet t h 2  procurement spec i f ica t ion .  

The tiuches 'I'id'l' Amplifier d id  not  m e t  the  H F I  spec i f i ca t ion .  

A. t,rrtnsient wcs observed when switching between K C  arid NX which was 

ou t  of  :;pix. 

3 .  

4. 

5. 

6. Spqradic o s c i l l a t i o n  i n  t h e  receiver  ,AX loop. 

2-11 I 
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It was agreed t h a t  a l l  but t h e  MGC/AGC t r a n s i e n t  would be f ixed  e i t h e r  p r i o r  

t o  d e l i v e r y  o r  i n  t h e  f i e l d  as a r e t r o f i t .  

problems and s o l u t i o n s  follow. 

A more d e t a i l e d  discussion of t h e  

The r-f leakage problem included: (1) The Test Transmitter leaking i n t o  

the Transponder Receiver during the Self Test mode; ( 2 )  t h e  Transponder Trans- 

m i t t e r  output leaking into t h e  Test Receiver during t h e  S e l f  Test and VAB modes; 

and ( 3 )  t h e  T e s t  Transmitter output leaking i n t o  t h e  Transponder Receiver, 

around t h e  uplink a t tenuator ,  in VAB and PAD modes. The f i r s t  two problems were 

resolved by r e l o c a t i n g  some of t h e  coaxial  relays and ins ta l l i r ig  r i g i d  coaxia l  

cables  in  appropriate  places. The t h i r d  problem was  corrected by re loca t ion  

and sh ie ld ing  o f  cl coaxia l  re lay ;  shielding an i s o l a t o r ;  and soldering r i g i d  

coaxia l  cable  t o  connectors. 

T h c  VCO phnze j i t t c r  problem was ovcllucltod during checkout of' S/N 1, A n o w  

n i ~ ; ~ y d ~  zr.tl c ry: i tnl  moiint w:iu incorporntcd nnd n now circu It layorit wnfi 1rnl)ltlitiotltc~d 

on I;r Lc:r unl.t:j. A 3  n ro:iult of t he  des1f:n hpx*ovoment, tho porL'orrrwtncn of t h t !  

I n t e r  K O ' s  w a s  found t o  be r e l i a b l e  and repeatable. Tho coliib1nc:d Lrnnsmittc?r/ 

rwc-i-wr phase J i t t e r  over the t o t a l  tuning range averaged between Lo t o  4.s0 rms 

in the LO Hz loop. 

I 

The spec i f ica t ion  required a maximum of 7'. 

It w a s  agreed t h a t  the PCK d r i v e r  module would be redesigned, This was ac- 

compl-ished and the  new module was found t o  meet all of t h e  requirerrients necessary 

t o  i n t e r f a c e  with t h e  transponder. 

%he f irst  del ivered Hughes TVT Amplifier f a i l e d  t o  meet the  radiated i n t e r -  

fet'ericc iirnits of XIL-1-6181 and was returned t o  the  vendor f o r  repa i r .  It was 

repaired and r e t e s t e d  a t  Motorola. The t e s t s  proved successful  %and t h e  u n i t  \:;IS 

:~ ,hLpi .c :d  t o  KSC f o r  i n s t a l l a t i o n  i n  S/N 2 Test S e t .  The improveriients riiade im t h e  

1' f!r:;t, L , ! r  were incorporated i n  t h e  second u n i t  p r i o r  t o  shipn:wt froa: %.~giles. 

?hu rcceiver P&J nrnplifier oscillation was evaluated cand fixed with t h e  



The various problems and associated so lu t ions  were implemented p r i o r  t o  

de l ivery  o r  as p a r t  o f  a f i e l d  r e t r o f i t  program. 

Table 11-1 summarized t h e  s t a t u s  of t h e  Test  S e t s  as they  were del ivered 

a d  t h e  retrofits performed. 

2.2 RYVl”‘tl OF SCHEDULED AND ACTUAL DELIVERY DATES 

The following summary ind ica tes  schedule performance w i t h  respect  t o  d e l i v e r y  

of comnle ted  hardware. 

ORIG SCHISa REVISED ACTUAL 
- ITEI-! DZ:SC!iIPTION - DEL DATE DEL DATE SHIPPING n a m  
Tes t  S e t  S/N 1 b-13-56 S-YJ -66 5 -7 -66 
( less  Itnnging and 
Antenna S t a t u s  Panel )  

‘rest  S c t  S/N 2 4-28-64 
( 1.f:::~; i t n n g i q  and 
Antenna S t a t u s  Panel) 

Test S e t  ,2/N 3 5 -h-66 
( less  iianging) 

Test S e t  S/? !  4 6-23-66 

Test  Set, S/N 5 6-8 -66 

6-20-66 

7-10-66 

9-1-66 

8-l4-66 

9-1-66 

0-3 @4)6 

6-6-66 
Note 1, 

6-214 -66 
Note 2.  

8-1-66 

7-20-66 

7-29-06 

2 - 6  
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2 . .3 S IGid I F I C A N T  TECHNICAL ACHIEVEMENTS 

A considerable amount of e f f o r t  was expended i n  assuring t h a t  t h e  Test Se t  

would meet a l l  of t h e  technica l  object ives ,  namely: 

as called out i n  t h e  Work Statement, ( 2 )  Provide c a p a b i l i t y  f o r  completely evalu- 

ating t h e  CCS Transponder, (3)  Provide 

Sta t ion ,  and ( h >  Provide a f l e x i b l e  switching arrangement so t h a t  tests may be 

cor.ducted accura te ly  with a minimum of  set up time. 

d e t a i l e d  d k c u s s i o n  o f  t h e  s i g n i f i c a n t  t e c h n i c a l  achievements . 
2.3.1 It!3FN Sirclulation 

( I )  Meet s p e c i f i c a t i o n s  

accurate simulation of t h e  YSFN Ground 

The fol lowing i s  a more 

EecauSe t h e  Tes t  S e t  is designed t o  test; a tr.,n.spnder that is t o  be conrpatibie 

tiith : ? k  v 1 , 3 ~ t ~  P b Piarmed Space F l i g h t  Network, an early ground rule was establ ished 

t h a t  this Test  S e t  simulate t h e  1EFN Ground S t a t i o n  equipment as much as possible.  

Ib!otorola has built a l l  of  t h e  types of equipment so  represented i n  t h e  MSFN. 

Tes t  S e t ,  then, i s  e s s e n t i a l l y ,  i d e n t i c a l  t o  t h e  MSFN equipment. 

differences a r e  as follows : 

The - 
S i m i l a r i t i e s /  

a,  Transmitter:  The same e l e c t r i c a l  c h a r a c t e r i s t i c s  as represented i n  t h e  

IZFF:: Beceiver-Exciier-Ranging Subsystem that Motorola hzs b u i l t  f o r  NASA. 

b ,  Test Receiver: The same electrical c h a r a c t e r i s t i c s  ( i n  many cases,  

t h e  exp.rt same modules) t h a t  Motorola has made f o r  NASA. 

exceptions were t h a t  t h e  c r y s t a l  f i l t e r  in t h e  IF Amplifier was 

charqed t o  reduce t h e  "pushing e f f e c t "  ( f a l s e  l o c k ) ,  arid a low noise  

p a r m e t r i c  aniplifier was not included, 

The only 

C .  The 70 kIIz Subcarr ier  Osc i l la tor  and t h e  1.024 M!z ?C?vl Demodulator 

has  the  same g l e c t r i c a l  c h a r a c t e r i s t i c s  as t h e  PSW. 

T h c  70 ki!z Dcrlodulator and 1.024 PIHz Modulator, wll-ich a r e  w e d  t o  

check t h e  Test Set  70 kHz Subcarrier Osc i l l a to r  ard t h e  1.0& Mi2 

??PI Dcmdulatclr, have c h a r a c t e r i s t i c s  similar t o  tl;ose i n  t h e  C C S  

Tr,snc, pondw.  

d.  

2-a 



e ,  The Ranging Codes a r e  the  same as  t h a t  used by t h e  EFN.  

,%mging Subsystem i t s e l f ,  however, i s  d i f f e r e n t  from t h a t  used 

i n  t h e  MSFN System because t h e  MSFN Ranging Subsystem w a s  n o t  

designed t o  check transponders, (See para. 2.3 .3)  

The 

2.3,2 --- RF Leakage, I so la t ion ,  and RF Path Accuracx 

It was a requirement of t h e  Test Se t  t h a t  t h e  r-f path be accurate  t o  w i t h h  

22 db as a requirement, an6 t o  within 21 db as a design goa l ,  over the  full range 

o f  170 65, smoothly continuous. 

reqiiireiwnts were as follows : 

The s teps  t h a t  had t o  b e  taken t o  meet these  

1. Extremely accurate ,  continuously v a r i a b l e  r-f at txnuators  were 

necessary, with some s o r t  of redundancy, t o  give t h e  user a con- 

fldence i n  t h e  a t tenuator  accwacy. b 

2, Switchable a t tenuators  could not be used. t o  increase t h e  range from 

120  db t o  170 db, so a continuously var iab le  a t tenuetor ,  c a l i b r a t e d  

i n  10 db s t e p s ,  was necessary. 

3 .  To meet t h e  a d d i t i o n a l  requirement of high power out of t h e  Trans- 

x i t t e r  drawer. f o r  c e r t a i n  nodes, it was n e c e s s a b  t o  use a v a r i a b l e  

at,t,enuator with low i n s e r t i o n  l o s s  e 

'Yo a l low t h e  Test  Receiver t o  opcrate as a threshold rece iver  without 4. 
switching t h e  var iab le  a t tenuator  out of the c i r c u i t ,  an a t t e r w a t o r  

with low i n s e r t i o n  l o s s  was required. 

Ir: order t o  meet the r-f path accuracy, and minimize in te r fe rence  

from one mode t o  another, it was n e c e s s a r y t o  keep t h e  r-f: leakaye 

t o  an extremely low value. 

s* 

m L O  mr.r.t, the r equ i r cwnt s  of t h e  above, t h e  followinK d e s i g n s  we:*{-r incorporntcd: 

1. ':'w i!arda Type 784 var-isble a t tenuators  were used, one i n  t h e  Test 

I n  t h e  Test  Transmitter. 

t o  t h e  Nat,ionaZ Rureau of Stnndnrcis, nt  t h e  

They were cnl ibrnted by 

. 2-9 



appropriate  frequencies of 2101 ox' 2282 TiiKz. They were a l s o  spot- 

checked by Motorolats Test Equipment Lab and were in full agreement. 

I n  t h e  SELF TEST mode, one a t tenuator  could be ttplayed" aga ins t  t h e  

o the r  a t t enua to r ,  t o  give the  operator  a masure of comparative 

accuracies  of t h e  two at tenuators .  

2. The "s tept t  a t t e n u a t o r  i n  the Test Transmit ter  consi3ted of a PRD 

198 variable a t tenuator ,  ca l ibra ted  i n  10 db s teps .  

1- uscd i n  t h e  SELF TEST and BENCH modes. Cal ibra t ion  of t h i s  a t t e n u a t o r  

is performcd by comparing i t s  a t tenuat ion  t o  t h a t  of  t he  Nnxrin 7811 

i n  t h c  'I'rnn::mittor. 

T h i s  a t t e n u a t o r  

-7. .pi l j .  v l (~  ?hrcin :itt,c:niintor do::cribed nbova liar; RR h i s c r t l o n  Lom of l w a  

t,liari 1- tlb. 'lYiii3 , t h o  power out of  t h o  'i'aut '1'rnn:rrnft t c * i D  (Irziwer w:w 

t,yp\c:i L ly 4 I.;' J\mi rrvixinrurn, w l i l l o  rtqulrlri~; only +lr/ (1bm uu!, o f  t . I i r i  

L : ) / i  M u l t I p L i w .  For t h o  Test h c c i v o r ,  ths noise f'if.;urc n t  t h e  input 

t o  t h e  'Test l leceiver drawer (Part I )  was degraded by only  1.7 db 

typically over that  rnensiired a t  tho prese l ec to r  input ,  t y p i c a l l y  

k.5 db,  

iCi; lezkage arid i n t e r f e rence  presented poss ib ly  t h e  most challenging 

problems of t h e  GCS Test Set.  Some of the techniques t h a t  were used 

t o  s o l v e  these  problems were as follows: 

a- S-band r-f components were placed within a hoaiocenaous aluminun! 

sa 

box, made so by d i p  brazing the  entire box. 

h. The ton  and bottom covers of t h e  r-f boxes were gasketed with 

a doubl-e-layer of r-f gasketing; many screws were nsed t o  keep 

e v e n  !rcs:;ure on the  yasketing . 
l ivez 'y th iny  (except  S-band) enter ing o r  leaving the r-f boxes 

XA:; I'ilt,crw! w i t h  s u i t a b l e  r-f filters, i n  the case of sir;n,ils, 

C .  
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or cont ro l led  by non-conducting rods through tubes t h a t  represent  

a waveguide beyond cutoff,  These tubes were welded t o  t h e  ap- 

p r o p r i a t e  w a l l .  

Separate compartments were used when a l a r g e  amount of i s o l a t i o n  

was requjred for a p a r t i c u l a r  item. 

instance,  were placed i n  t h e i r  own compartment, w i t h  one connector 

of t h e  a t tenuator  protruding through t h e  wall, and r-f gasketed 

d. 

The Narda a t tenuators ,  for 

so leakage would not  occur around t h e  a t tenuator ,  

S o l i d  shielded coax cable  was used where it was n e c e s s a r y t o  

reduce t h e  S-band l e L a g e  through t h e  w a l l  o f  t h e  C G U ,  such 

as t o  another coax o r  a rthotrt item. 

T o  achieve high i s o l a t i o n  between d i f f e r e n t  modes, coax relays 

wi th  70 db i s o l a t i o n  ( a t  S-band) were used. 

used had poor i s o l a t i o n  from coax t o  out  of  t h e  relay (SO db o r  

more), so  i n  Some cases ,  it was necessary t o  rctlocate some of 

t h e s e  relays. 

e. 

f, 

However, t h e  relays 

2.3.3 ?E$n,: Subsystcm (Dclay Keasurement 1 - 
8 The sophis t ica ted  ranging subsystem represents  a s i g n i f i c a n t  technic& 

aclliovement because of i ts  accuracy, range of operation, and ease o f  operation. 

T W s  suhs;y.st,cm is essenLia l ly  a second generation of t h e  r2ngfr.g subsystem that, 

~:otsrnl-a developed f o r  the ApolLo Block I1 Specia l  Test ZqciFment. Some of t h e  

s n l l n n t  Rnptcts of t h i s  ranging subsystem are as follows: 
1 

1, It devel.opz t he  same ranging codes t h a t  tho  PED? ground s t a t i o n  w i l l  

8 2 - l..L 



- i 4  K . r . , r .  u!' o [ ~ ~ * i * c i t , l ~ ~ r ~  01' to ! ! (+  r.-iri~:l~y! ::ub:iy:; t , ~ ~ ! i i ,  to t t i q  i )o1qt  oI' t i t . t r t l :  

t'ool-pnx) f , w w  :L 1)riilile rcc1uii.coivn L of t,ho r:mf:in(: suboy:: t4c*in. 

h i x ~ r L L c ~ i  L:rrly t r u o  in th: autornTtlc no(ic:j. P l t ~ x i b i l i t , , y  w,w rc:cluIrt.d 

:tL:;o, SO t h e  mn::lng subsystem mny bo operatcd i n  ,my one o r  a11 of' 

t h e  manual modes. 

9 

Thls  

These automtic/mmual modes a r e ;  

Gain c o n t r o l  t o  comperlsate f o r  d i f f e r e n t  modulq%io:i conibinatfons 

and signal l e v e l s  into t h e  Transponder Xeceiver. 

Acquis i t ion of t h e  PN codes, t.. 

c . h i n g i n g  delay measureinents, 

2.3.14 Ease of  Operation 

O f  paramount importance i n  t h e  design of t h e  CCS Test Sei vas ease of opcratlon. 

funcs ions  t h a t  a r e  necessary t o  monitor are f n i e d i a t e l y  mai.la5lc a t  one or 

!":ore :Tonitor points  merely by pushing a pushbutton, which gives  the  name of the  

funct lor .  to be monitored (these h c t i o n s  a r e  shown on the  Test S e t  Block Diagram). 

: :o p a f x h i n g  of ca.bles i s  necessary,  Yet, f l e x i b i l i t y  is  nLciintzlined by providinc 

r ) ~ ~ ~ h t ~ u ~ , t r > n s  complete with re lays ,  f o r  additional.  funct ions t ha t  n a y  be added 

i ~ d d i t i a n a l  f l e x i b i l i t y  i s  accomplished by a l l o d b y  ; J c ' t t , i o n n l  equipnent  

~ A J  i -t3r t h ~ s e  se l ec t ed  funct ions merely by placinc t h e  - iLtLonal  t es t  equipment 

i-~) ).: t!?e h p u t  t o  one of t h e  b u i l t  i n  t e s t  equipment. T h u s ,  a l l  naxm1 funcCvions 

I'? r!i: p?ayed on osci l loscopes,  a spectrum analyzer,  and/or 2 xave analyzer f o r  

: r r r r n ,  . * r i s u z l  d i s p l a y  of e l e c t r i c a l  funct,ions. Tn Rest 'n n ~ p c ,  +,here is 

w4cnfI-3.77% m~a:-ure.r~c:nt technjques al lowed;  such as, frequency u;~_ng a c o m t e r  o r  

- 1  x ( J ~ c ? ,  volt,aye u s i n g  a scope, FWS VTVM, wave analyzer, a tc .  

r > i ~ ~ c h  ~4.s Wwrncntn ry nushbuttons and colored ind ica to r  l i g h t s  f o r  spec I.Ei.: r e ~ s o n s  

F-?.?,?: 4,bl<i{, t h c  'zest, ';:.*, \JAY "human engineered" f o r  m i n i r r l u t n  operator  i'roblctiis a 

Other techniques,  

7 3 17 "I' 3 mi :5 t ab ilCt y * '* '  -_ & _____-___- 17 , L' 

r)? : : ; !T*s  l i s t  of requirements ;KIS C O G ~ ,  long term s t n b i l i . t y ,  T h i s  

irrned t o  bc ci,dJle by thcl  u ~ e  of i n h e r r n t l y  s+V;wlt> c ~ r . c u j  ts, 

2 -12 



oven-control led components and even subassemblies, and high negative feedbacks, 

where necessary,  

p r o p ?  opera t ion  over t h e  temperature range from O°C t o  +ss°C. 

t e s t s  i9cLuded a long term s t a b i l i t y  t e s t  (10 hours) on 9 sepa ra t e  parameters 

t o  ?mve  t h e  s t a b i l i t y  o f  each Test Set. 

2.3.6 Rxdio Frequency Interference 

In  addi t ion,  c r i t i ca l  subassemblies were checked f o r  d r i f t  and 

The acceptance 

----- 

S i n c e  t h e  CCS Test S e t  w a s  t o  be used a t  Kennedy Space Center, it was necessary 

t h a t  t L L r  ?*..;t S e t  no t  emanate i n t e r f e r r i n g  s igna l s .  

??signed t o  suppress o r  contain i n t e r f e r r i n g  s igna ls .  

tr-sts:! te the  radiated and conducted intex-fersnce l i m i t s  of Iviii-I&isiij, wi th  

o n l y  two f a i l u r e s  on t h e  i r d t i a l  t e s t s .  

Therefore, t h e  Test S e t  was 

T h e  e n t i r e  Test S e t  was 

Both o f  t hese  failures were fixed. @ne 

7 - 4  .L-rl-t 1 llT., - a s  due t o  a piece of purchased equipment t h s t  d i d  not, meet, E’loLoro2zils 

RFI reyuircments ,  and was subsequently fixed by t h e  vendor. 

w3s n u inor  f a i l u r e  t h a t  was brought within s p e c i f i c a t i o n  l i m i t s  by proper 

‘,e f - ~ r  ir!at,iuri. 

The o t h e r  f a i l u r e  
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SECTION III 

3.0 SYSTEM DESCRIFTION 

3.1 G9WRAL 

The Command and Communications Test S e t  cons i s t s  o f  four  standard racks of 

off-the-shelf  (coxaerc iz l )  t e s t  drawers, designed and built by Motorola, Inc 

equipmmt, and power suppl ies .  

3 .2 PLTL7"UosE 

Circuit breakers  a r e  provided En each rack. 

The pirposc of t h i s  Test S e t  is t o  cheek out  t h e  Comrnana and Communications 

Transponder i n  fou r  different s i tua t ions .  These f o u r  s i t u a t i o n s  or modes of 

onemt ion  f o r  t h e  Tes t  S e t  a r e  BENCH XPXDR, BENCH FA, VAB9 and PAD nodes, A 

S?'W T&;T rnode f o r  the Test S e t  is also provided. 

in ds!lC!I XPNDDR and BSNCH PA modes, t h e  transponder and PA a r o  mounted i n  

tile du'alnrcr provided in t h e  Test Set.  In t h e  VAR, t h e  Test; S e t  is connected t o  

the Lra.nsLmnder by long cables and in the PAD mode t h e  Test Se t  

is prit i n  operat ion and an a i r - l i n k  is used t o  t h e  transponder. 

n o t  pmvidec! * ) 

3 * 2 r" TI '<T,T ,T ,  7 ,  .:bib:%, L . L3 ,kS  

P.mctionall.y, t h e  Test S e t  transxLts a precisely controlled 

TWT A m p l i f i e r  

(Antemas a r e  

S-barid s-f s i g n a l ,  

v I id!! *brarioils subcarr iers  and modulation, t o  t h e  transponder under t e s t ,  receives 

t i?? S - h n d  r-f signal r ep ly  from t h e  t ransporder  and demodulates t h e  various 

s i i b c a ~ 5 ~ ~ ~ s  and modull t ion.  

y' r.?Lnictctrlr; * 

a, 

I n  the  process, it evaluates a nunber of trmspondeir 

The Test Set  provides t h e  following functions : 

Pour :nodes of ope ra t ion ,  BENCH XFNDil, BENCII PA, VAB or ?AT), and 

I _ >  ' * ? , T Z  'TEST. 

k )  e i ' r w ~ p m d ~ r  2nd PA Mount drawer f o r  t he  u n i t s  w d e r  t e s t  arid 

rmwr f o r  them. 

c e i. .,tabJ-c> ,;-hand Pi4 Test, Transmitter.  
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3 .L 

d. A 

e. A 

f .  A 

phase-coherent S-Band Receiver Subsystem. 

phase-coherent Ranging Subsystem. 

Demodulator f o r  recovering subcarr iers  and the Fnformation from 

the Test  Receiver. 

A means of masur ing  power output and modulation c h a r a c t e r i s t i c s  

of t h e  T r a n s  ponder Transmitter, 

A Transponder and Power Amplifier Control Panel f o r  monitoring and 

c o n t r o l l i n g  t h e  power to.and telemetry from t h e  transponder. 

A TwT Power Amplifier t o  obtain an a d d i t i o n a l  10 watts through an 

ex terna l  antenna t o  form an air- l ink between t h e  Test S e t  and t h e  

transponder in t h e  PAD mode. 

g. 

h. 

i. 

TRPiT!SPChTIER TEST SET CATABILITIES 

I n  t h e  BENCH XPNDR and BENCH PA modes, the tests i n  t h e  following list may 

be performed on t h e  transponder. ’ 

a. 

b. 

C.  

d. 

e .  

f .  

e .  
h. 

Receiver c e n t e r  frequency 

i leceiver t racking range 

h c e i v e r  tracking rate capabi l i ty  and acquis i t ion  c a p a b i l i t y  

Threshold s e n s i t i v i t y  

Receiver t racking loop bandwidth 

Ibce iver  AGC voltage versus input s i g n a l  l e v e l  

Ileceiver SF3 voltage versus input frequency 

Xeceiver 70 kl-iz subcar r ie r  demodulation 

1. S e n s i t i v i t y  

2. SiEnal- to-noise  r a t i o  a t  output 

3 Frequency response 

11. Phase resnonse (delay change versus modulating frequency) 
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The following transponder (downlink) t r a n s m i t t e r  parameters can be t e s t e d  

with o r  without t h e  power amplif ier ,  and i n  e i t h e r  t h e  vol tage cont ro l led  

o s c i l l a t o r  (VCO) o r  t he  auxiliary oscillator (aux. osc.) mode. 

a. Transmit ter  frequency 

b. T r n n s m i t t e r  power output 

c . Transmit ter  spurious outputs  

d. Transmit ter  phase noise  

e . 1 . 02L M!z subca r r i e r  o s c i l l a t o r  and bi-phase modulator performance : 

1. 

2 . Subcar r ie r  modulation index 

3.  Bi-phase modulator input  s e n s i t i v i t y  

b . 
5. Predetect ion signal-to-noise ratio 

Sxbcar r ie r  frequency (and frecjuencj- stability) 

Subcar r ie r  spectrum and c a r r i e r  suppression 

6. Post-detection signal-to-noise r a t io  

I n  the VAB mode, transponder t e s t s  which can be performed are:  

a . , 'cyu i s i t i o n  

b . T r a c k i q  c a p a b i l i t y  

C.  Threshold s e n s i t i v i t y  

ci. 

e .  9 a n p  de l ay  

f .  70 kYz subca r r i e r  performance 

r. 

T r m s m i t t c r  frequency (awc. OSC. ) 

1 . 02L MIlz subca r r i e r  frequency, frequency s t a b i l i t y ,  and predetect ion 

s i p n d - t o - n o i s e  r a t i o  

In t l l r :  ?A13 mode, t h e  saw? t e s t s  ccan be performed as i n  t h e  VAh mode by use 

of t k . 0  Tc::t ,;et ?',TI' Powcr Amplifier and appropriate  antenna considerations (Rot 

nu4q91 i  w] ). 
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3.5 TEST SET FUNCTIONAL BLEKS 1 1  

The Test S e t  c o n s i s t s  of a number o f  separa te  subsystems as follows: 

3 .5.1 Test Transmitter 

The Test T r m s m i t t e r  funct ion is e n t i r e l y  contained i n  one r-f t i g h t  drawer. 

It generates a phase-stable S-band c a r r i e r  capable of being phase nodulated. 

3.5.2 Modulzt ion Control 

The Nodulation Control i s  packaged i n  one drawer and provides (1) t h e  70 kHz 

and 1.@24 ?GI2 subcar r ie rs ,  ( 2 )  a square wave f o r  modulating the  1.024 PtHz sub- 

c a r r i e r ,  and ( 3 )  modulation i n t e r f a c e s  between ex terna l  input ,  PN code input,  

e tc .  and t h e  phase modulator located in t h e  Test Transmitter.  The sweep and 

decay c i r c u i t r y  and t r a n s m i t t e r  VCO control are also Located i n  t h i s  drawer. 

3 .s .3 Test, Receiver 

The Test Receiver Subsystem consis ts  of t h r e e  drawers: A Receiver Control 

drawer, an r-f t i z h t  rece iver  f r o n t  end drawer, and a drawer containing t h e  

remaining rece iver  modules. 

as t h e  WFIT rece iver  t h a t  is expected t o  receive S-band s i g n a l s  from t h e  CCS 

This receiver has e s s e n t i a l l y  t h e  same characteristics 

Transponder i n  f l i g h t .  

3 .s .h Derr.odulator 

T h i s  subsystem is contained i n  one drawer and provides t h e  c a p a b i l i t y  of 

demochlatinf: the  subcar r ie rs  from t h e  transponder s i g n a l  and aSso demodulating 

t h e  inforva t ion  o f f  of t h e  subcar r ie rs ,  

The 1.024 YYz FCM Demdulator and the  wideband PM Demodulator operate i n  a 

nlanner similar t o  t h e  MSFITJ System. The 70 kHz Demodulator has c h a r a c t e r i s t i c s  

s i n i l a r  t o  the  70 kIlz Demodulator i n  t h e  CCS Transponder. 

3 .s .< 113 n r 7 i  ri;: Subsys Lcm _- 
The i(3ny.i r-1: :;ut)zystcm is nade U ~ J  of th ree  drawers. The Ranging Keceiver md 

tjrr.? i r ! t ~ ~ r v > l  coun te r  were de::igned t o  o.llow an operator  t o  accurately test a CCS 
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Transponder and consequently the i r  accuracy exceeds t h a t  of the transponder. 

The PN Coder/Decoder develops t h e  necessary code and decode funct ions to  enable 

t h e  ranging function. 

3.5.6 RF Switching Drawer 

The R? Switching Subsystem is contained i n  an r-f t i g h t  drawer. It s e l e c t s  

t h e  mode of operation of t h e  Test S e t ,  determines t h e  inputs  t o  r-f power 

monitoring equipments and t h e  Test Receiver. This unit a l s o  contains  t h e  r-f 

converter  fbnction used i n  SELF TEST. 

3.5.7 Switching Drawers 

The Switching I drawer is  an in te r face  panel for connecting s i g n a l s  t o  t h e  

IU;S V o l t m t e r ,  Yave Analyzer, and Frequency Counter. Switching X I  drawer i s  an 

i n t e r f a c e  panel f o r  connecting s igna ls  t o  the  Spectrum Analyzer, 56U Oscilloscope, 

and t h e  5119 Oscilloscope. Switching I11 drawer is an i n t e r f a c e  panel for 

connecting voltages t o  the  D i g i t a l  Volttteter. 

3.6 TLST SZT E:Li;:CTRICAL CHARACTERISTICS 

C h a r a c t e r i s t i c  Description 

Test, S e t  Powr  Reqirement - _-I_-_ 

TY?e 110-120 VAC, 60 Hz, s i n g l e  phase 

Power Input Approx. 30 amps 

m : e s t  Trnnsmitter/CTest Receiver Charac te r i s t ics  

Pha 5 e J i t t e r  

HF P a t h  Accuracy 

7' rms maximnm i n  a 40 Hz loop 

+2 db maximum, 21 db design goal 

Tes t  tleceiver Subsystem Charac te r i s t ics  

S p t c m  Inpu t s  

C m t r ; r  Frequency 2202.5 IJMZ 

k244 kHz (using internal VCO) 

2270 t o  2210 1.111~ ( u s i n g  an externa l  V,,)) % I  ori-cof:t? rent  T u n  in: llnnee 
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Test  Flcceiver Subsystem Internal Charac t e r i s t i c s  

Voltage Controlled O s c i l l a t o r  

Center Frequency 23.255208 MHz 

Tuning Capnb i l i t y  +244 Mla minimum ( a t  S-band 
about c e n t e r  frequency 

VCO S e n s i t i v i t y  (Kv) 

Lony: Term S t a b i l i t y  . 
Approx. LOO !!-/volt 

Approx. 1 x lo-G/10 hours  

‘rw Adaptive, passive 

St rong  SiI:nal Bandwidths 

Threshold Bandwidths 

50 Hz 

200 Hz 

700 Hz 

Strong Signal Loop Gain 

;leak S i r n a l  Noise Figure 

11?ference O s c i l l a t o r  

Freq’iency 

IrO Hz ncminal 

Level 

dbm 

-139.14 dbm 

’133.14 dbm 

Approx. 5 x 10 6 

10 db max. (referenced t o  prese lec tor  
input  ) 

20 MHZ 220 Hz 

Visual and Aural  Aids  to Lock I 

Aural 

vi :j u n l  

Speakorheadphones t o  DFL 

1. Oscilloscope on DPE 

2. Panel  meter nnd d i 5 i t a l  i”l”L?! 
indicAtiom of S Y L ,  C?,D, ?!:,I ?JC 

3 . L m p  I n d i c a t o r  (from - K X / ’ ’ ~ C  ) 



Doppler Tracking Rate 

Threshold BW 
ZR Lo 

Phase E r r o r  
(degree peak) 

50+O % -2 0 

700+2 9 -0 

30 

30 

' 30 

AGC C h a r a c t e r i s t i c s  

AGC 
Bandwidth 
Position 

Strong S i g n a l  
M i n .  Doppler Rate 

(Hz/sec ) 

12,000 

Time 4ons t an t  b o p  
(seconds ) Bandwidth (Hz) 

115,000 

Narrow 15 0 

RF Signal  Level Dynamic Range 

S t a t i c  Cain S t a b i l i t y  
(as s t r o n g  s i g n a l )  

i G C  Control Range 

Receiver Subsystem Outputs 

t o  Ranging Ileceiver 

t o  Ranqing Receiver ,  

t o  Demodulator 

c 11 a n n  e l  ) 

-60 t o  -150 dbm minimum 

0.4 db m a x / l O  hours 

-60 t o  -150 dbm minimum 

-65 23 dbm (with AGC opera t ing)  

5 . 5  NHZ minimum 58 YXZ 

+10 dbm 23 db 

+h dbm nominal 

-32 dbm t o  +8 dbm 



IZCX:/XGC Voltage ( t o  Nodulation Control Drawer) 

Level 

Monitor Outputs 

2 0  1.21~ Reference O s c i l l a t o r  

Frequency 

Level 

VCO l lonitor 

Frequcncy 

Love 1 

50 M I Z  Spectrum 

Frcquency 

Lcvc? 1 

Dernodu L - ~ t o r  Drawer Ch.7 rnc teristics - .  -- -- ---I___- 

Inputs 

1.0 !JIz i’ha:je Detector Input 
( s  i y m l )  

10  Nilz Phase Ijetcctor Input 
( re renc e 

10 X!z Spectrum Input 

Input Ramdwid t h 

70 kiiz SubcRrricr on 10 MHz 

Type of Modulation on 10 MHz 

Type of ModuLition on 70 kIIz 

. 3-9 

0 t o  -10 v o l t s  

20 ma 
+1,s dbrn 51,s db 

23 MHz nominal 

0 +3 dbm 

50 MIIZ nominal 

LO db above input  signal  levo1 
(nominal) 

0 t o  -10 v o l t s  

+b dbm 21 db 

+10 dbm 23 db 

-22 dbm nominal 
-12 dbm max, for  l i n e a r  operation 

3 MHz minimum 

Phase 

Froquency 

Phase 

Bi-phsse 



10 14Hz Detector  

TY?e 

Output Level (w.P.) 

DC Bandwidth (W.B.) 
1, _. 

70 H z  Demodulator 

Penodulator Drawer I n t e r n a l  Charac te r i s t ics  

3 -10 

C a r r i e r  Frequency 

Predetection -3 db Bandwidth 

Input Level 

L O &  MHz Demodulator 

TYPe 

Predetection -3 db Bandwidth . 

Carrier Frequency 

Maxi rmm Information Hate 

Loop Bandwidth, 2 8 ~  

Spectrum Trans la tor  

Input  Level f o r  Linear Output 

. .  

Phase 

(Kd) x (S ine  of Mod. Index) 
where Kd is  approx. 10 mv/o 

DC to 1.5 MIz 

FM (?uls e-c ount ing ) 

70 21 lcHz 

20 “5 kHz 

0.1 t o  1.0 VRMS 

PM with Phase-Lock Loop 

160 lcHz 21% 

1.024 MHz ‘50 Hz 

72 Kilobi ts /sec . 
750 Hz, 150 Hz 

-22 dbm maximum 



Demodulator Drawer Outputs 

10 XHz PI4 Demodulator 

.iideband Output (Front Panel) High 2 Load only 

L.F. Output Bandwidth 100 Hz t o  10  KHz 

70 KHz P r e - f i l t e r  output  l e v e l  ‘approx. 6 db below i n p u t  

70 KIlz Demodulator Outputs 

Number TWO 

Level (95 ohm load) 

Bzqdwidth ( -3  db) 

1 V  iiMs f o r  5 KHs peak dev. 

100 i-lz to L ictiz minimum 

Phase Linear i ty  700 - 4000 Hz, w i t h i n  ?: 20 gsec 

300 - 700 Hz within 1: 120 p see 

10 ?IHz P r e f i l t e r  output level, ApprDx. 6 db below i npu t  

1.32L XHz Demodulator Outputs (2)  

Level 5v P-P 

Frequency Limited by P r e f i l t e r  

Logic Ambiguous 

VCO Test Level +4 dbm nominal 

Fiodulation Spectrum 

Level 1 VKMS maximum 

Enndwidth 2 MI-lz m i n i m u m  

600 K!iz !4odulator 

T y p  

C r n  t, c: r Frc qi 1 e nc y 

1)cvin t ion  (by PCY) 

I,insar iiange of Deviation 

FM by K K  Output 

600 KHz 

36 ?: 6 KHz peak 

t o  5h KHz peak 

Out ylt Level ( i nto 9s 0 ohms ) 1 VlLYS to 2.5 VWIS 

3 -11 



Modulation Control  Drawer Charac te r i s t i c s  

Drawer Inputs : 

Command Nodulation on 70 KHz 

Leve 1 : 

Bandwidth: 

KCM Modulation Input  , 
1 I .  

Level : 

Square Vave Generator 

( i n t e r n a l l y  generated.) . 

Frequency (Front Panel Ad just ) : 

PIiN 

Level : 

Bandwidth (-3 db)  

Sweep 

Level: 

Frequency 

Drawer Outputs 

Composite PI4 and Monitor 

Output Level : 

Bandwidth : 
1 _. 

VCO Control  and Nonitor 

Level : 

3andwid t h  : 

3-12 

5V p-p maximum 

,DC t o  10 KHz 

10 V p-p nominal 

50 Hz to 36 KHz 

4 V p-p m a x i m u m  

DC t o  2 MHs 

15 V p-p maximum 

DC t o  10 Hs 

minimum 

5v p-p maximum 

DC t o  2 Miz, minimum 

t 6.5 volts 

Dc to 10 Hi 



Monitor Outputs > 

Circu i t s  PCM Input, command modulator 

Input,  70KHz SCO Output, 

, '  1,024 MHz modulator output,  

. sweep output 

Sweep Drive ( t o  HP 3300A) . 

Frequency (Front Panel Adjust) ' 0 t o  -10 VDC 

(The input  t o  t h e  HP 3300A funct ion generator  is normally disconnected 

a t  t h e  rzar  of the  HP 3300A. 

t h e  frequency. 

by t h e  ilodulation Control Drawer, remove shor t ing  ba r  from rear terminals  of 

t he  HP 3300A and a t t ach  cable ZW42 t o  t h e  HP 3300A. 

This allows the  HP 3300A d i a l  only to c o n t r o l  

&en the  frequency of t h e  HP 330OA is  t o  be remotely adjusted 

Transmit ter  Drawer Charac te r i s t ics  

Draxer Inputs : 

Phase Kodulator Input ,, 

Frequency 

Xodulation Capabi l i ty  

Frequency Modulator Input , , 

Frequency (sweep r a t e )  

Level 
. .  

K x t e r n n l  Osc i l l a to r  Input 

Frequency 

Level 

'3-13 

DC t o  2.0 MHe 

0 t o  3 radians minimum 

0 t o  100 Hz m i n i m  

0 t o  +, 6.5 V DC nominal 

approx. 22 Mllz, o r  1/96 

of output frequency 

+LO dbm +6 - 0 db 



Drawer Outputs : 

VCO Frequency Output ( t o  counter) 

Frequency 22 MHz approx. o r  

1/96 of S-Bmd output  

frequency 

0 dbm 2 3 db Leve 1 , ,  

VCO Hanging iieference Output 

Frequency 22 MHz approx., or 1/96 

S-Bmd output 

Level 10  dbm k 3 db 

S-Bad Outputs 

Nominal Frequency 

Tuning Range 

RF Bandwidth 
(ex terna l  VCO ) 

Residual AM 

2101.802 Miz (provided 

by the  in te rna l  VCO 

?: 222 KHz minimum 

about nominal c e n t e r  frequency 

F l a t  t o  within 1 db a t  2 5 Mllz 

t '  

Power Meter Output Level 

Spectrum Analyzer Out$ut Love1 

Mi' :.;witchinlr Drawer Low Levo1 

T:JT Amplifier Output 

3 -It 

f 1 d b  maximum when phase 

Modulated to  3 radians 

+5 dbm ?: 11 db 

-25 dbm 2 5 db 

Variable -8 dbm maximum t o  

-170 dbm minimum. 

ca l ib ra t ed  t o  within 2 2 db 

Variable +13 dbm t o  -107 dtn 

Se t t ah lo  2 1 d!), 



RF Switchinp Drawer Character is t ics  ~- 

SELF TEST Mode: 

Input s i e n a l  (59) 

Frequency 

Level 

Output S i e n a l  #1 (55) 

Frequency 

(Input s igna l  frequency 

Conversion Loss 
( w i t h  -10 dbm input )  

b ,  

Output S igna l  /#2 (J4) 

Output Signal  H3 (JS) 

Frequency 

2101.8 MHz *220 Wiz 

-10 t o  -160 dbm 

2282.5 MHz nominal 

+160.698 NHz) 

36 db maximum 

10 db below if1 output 

Level i n t o  50 ohms +10 dbm nominal 
I 

Bench Transponder Mode : 

Input  t o  output i n s e r t i o n  losses at 2282.5 MHz 

59 t o  J10 2 db nominal 

Jlh to JS 

Jlh to JL 

60 db nominal 

70 db nominal 

J() t,o t l l . 0  0 db nominal 

, J U t  to Jlr 70 db nominal 



I 
I 
I 
1 
I 
I 
I 
I 
I 
1 
I 
I 
B 
1 
1 
I 
I 
I 
I 

' .. 

VAB Mode: 

Input t o  output i n s e r t i o n  losses a t  2282.5 MHz 

513 t o  5s &O db 

513 t o  54 50 db 

PAD Kode: 

Input  t o  output i n s e r t i o n  losses 

Jll t o  512 

512 t o  Jh  

Power 14onitor Meter Zero Set 

(Depress MLTER Z1;;RO SET switch) '  

185 db  ma^. a t  2102 MHs 

L O  db lnax. at 2282 MHz 

I 

Input  t o  output  i n se r t ion  ~Osses at 2102 MHs 

57 t o  56 2 db maximum 

Power Monitor Transmit ter  Out 
, I  

(Depress X9TR OUTPUT switch) 

Input t o  output  i n s e r t i o n  losses a t  2102 MHli 

57 t o  56 0 db nominal 

Potrer Monitor Bench Downlink 

Rench Transponder RF power output 

(Depress both RliNCII XPNDH and BgNCH DOWN LINK switches)  

Input t o  ou tpu t  insertion a t  2202 MIe 

Jlh to J6 2 db m a x i m u m  

Powcr h o n i t o r  VliB IJownlink 

V R ; 3  dolmlink 1tF power , 

(1)epn:ss both  VAR and VAB DOWNLINK switches) 

In2ut  t o  output i n se r t ion  losses  a t  2262 MHz 

,JIS to J6 2 db maximum 
'3-16 



Power 

PAD 

. ,  
b !. 

Monitor Pad Uplink 

uplink RF power output 
. 1  

(Depress PAD UPLINK switch) ' 

Input t o  output inser t ion  losses a t  2102 M H ~  

Jll to 56 bl db nominal 

Ranrinp Subsystem 

Type : Uses a pseudo-random noise ranging 

code with d i rec t  delay readout i n  

nanoseconds, fo r  delay less than 

1 millisecond, and readouts in b i t s  

and nanoseconds f o r  longer delays . 
Code : A LUNAR code of 2,728,341 bits and 

1, : 
a SATELLITE code of 35,8C5 bits - 
i d e n t i c a l  t o  t h e  JPL Mark I Ranging 

Codes. Maximum unambiguous range 

of LUNAR Code; 513,000 miles, 

Maximum unambiguous range of Range 
c 

I *  Delay Counter: 999,999 IJS (approx. 

100 miles) 

Code Acquisition Automatic ' 1. Rate of search: 0.5 seconds per b i t  

' 2. Hange of search: 15 b i t s  over any 

prese t  r q e  from 0 t o  999 b i t s .  

3. Indicat ion of acquis i t ion:  t\utomatic 

when cor re la t ion  exceeds 1;2.5$. 



Code Acquisit ion: Manual 

Corre la t ion  Detection: 

Resolution : 

Accuracy : 

Ranping Receiver 

General Type: 

Dynamic Range: 

Clock Frequency Range : 

Delay S t a b i l i t y :  

1. Type of acquis i t ion :  f u l l  

code o r  by sub-codes 

2. Indica t ion  of acquis i t ion :  

v i s u a l  i nd ica t ion  of c o r r e l a t i o n  

absolute  l e v e l  of c o r r e l a t i o n  vol tage 

i n  automatic mode, r e l a t i v e  l e v e l s  

in manual mode. 

2 1 nanosecond 

Dependent on inpu t  s i g n a l  (clock 

power) t o  noise  ratio and t h e  sampling 

per iod se lec ted .  

automatic phase lock 

automatic ga in  c o n t r o l  

s t a t i c  o f f s e t  frequency (zero doppler)  

Exceeds 40 db (PRN sideband power 

g r e a t e r  t h a n  -65 dbm t o  less than  

-1% dbm) 

k95.334 KHz ?: 25 Hz 

f 2 nanoseconda due t o  frequency 

o f f s e t  5 nanoseconds max. for PKN 

sideband power between -70 dbm and 

-100 dbm. 

10 nanoseconds m a x i m u m  for  ambicnt 

temperature va r i a t ion  of .WOF 



AGC Loop Gain: 30 db/db minimum 

Clock Phase Tracking Loop Noise 2 Hz nominal 
Bandwidth : I 

Transponder and PA Control Drawer Character is t ics  

No s icna ls  are generated within the Transponder and PA Control Drawer. 

subassembly serves as  a lamp dr iver  and a single-ended t o  double-ended PCM 

dr iver .  The 

power and telemetry s igna ls  controlled by t h i s  drawer provide o p e r a t a  power 

and monitor outputs f o r  t h e  Transponder and Power Amplifier under test ,  

One 

A second subassembly contains 10 relays for voltage monitoring. 

Transponder and PA Mount Drawer Character is t ics  

No signals are ,.enerated by ' the Transponder and PA Mount Drawer. 

Switchin? I, 11, and 111 Wawer Character is t ics  

The s igna ls  to be monitored on the th ree  switching panela are selected by 

the individual  pushbutton switches on each drawer. Each drawer contains 

several subassemblies containg 10 relays f o r  voltage monltoring, 

TdT Power Amplifier Character is t ics  

(Included only i n  Test Se ts  S/N 2 and 5 )  

Procurement spec if i c a t  ion 

Saturated Power Output 

Saturated Power Gain 

Motorola No. 12-2151OH, Issue Xh 

+43 dbm (20 watts) 

+33 db m i n i m u m  

Noise Figure +35 db.maXimum 

Center Frequency 2101.8 Wz 



SECTION N 

4 .O ADDITIONAL TEST DATA 

M ~ l y  moasurornents were made on CCS Tranepnder  S/N 2, ualng t h e  CCS Teat  

Set. Some of those t e s t s  were performod i n  t h e  course of t h e  acceptance tests 

performed on som o r  a l l  of the Test Sets, Other t e s t a  were performed on one 

o r  more T e s t  So t s ,  

functions of t e s t i n g  t h e  transponder i n  an accurate  manner, 

prfmarily ta assure !in t h a t  t h e  Test S e t  would perform t h e  

Some of t h e  l a t e r  

a 

se t  of  tests ( those not i n  n o m 1  acceptance tes t s  on t h e  Test S e t )  are described 

here. 

I1.1 SIGNAL-TO-NOISE RATIO OF 70 ~ H Z  DEMODULATOR 

Figure 4-1 shows the  signal-to-noise output of t h e  70 kHe Demodulator in t h e  

Test S e t  VS. signal l e v e l  into the  Test Receiver. 

and Table  IV.-lgive t h e  per t inent  parameters. 

acceptance tes ts  on Test S e t  S / N  L,) 

This curve marked +?. - .-- 
(This d a t a  was taken fmm t h e  

The curve marked - - -t]- on Figure & ~ l  is the signal-to-noise out  

of t h e  70 kHz (Command) Demodulator i n  t h e  transponder, 

is  approximately 2 db worse %hw* that out  of t h e  Test Set 70 kHz Demodulator (at  

Note t h a t  t h i s  curve 

weak signals), which is t h e  difference i n  noise  f igu res  of t h e  two receivers .  

T h i s  proves t h a t  t h e  Test S e t  70 kHz Demodulator performs in a manner quant i= 

t a t i v e l y  similar t o  the  Command Demodulator i n  t h e  transponder. 

The t h i r d  curve of Figure b ~ l  t h a t  is marked --- , was taken 

i n  a d i f f e r e n t  manner than normally done. The Test Transmit ter  was modulated 

with a 70 kHz subcar r ie r .  This subcar r ie r  was turned around i n  t h e  transponder 

through t h e  ranging channel, modulating t h e  downlink with t h e  70 kHz s i g n a l  

and n o i s e ,  

sipnal-to-noise out  of  t h i s  demodulator was measured as t h e  transponder rece iver  

The 70 Wiz subca r r i e r  was demodulated Fn t h e  Test Receiver, and the  

i n p u t  sip-lal was reduced. The downlink s i g n a l  

n . b o 1  

into t h e  Test Keceivur w a s  kept 
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strong (approximately -70 dbm). The explanation of why t h i s  curve d i d  not agree 

iden t i ca l ly  wi th  t h a t  out of t h e  transponder 70 kHz demodulator is beyond the 

scope of t h i s  report .  

Table IV-1, 
Conditions f o r  Figure L-1. 

Test 
Modulation Transponder Receiver Modulation 

on the 70 kiIz Demodulator Noise Noise Index of 
C urvo Subcarrier Used Figure Figure 70 kHz - 

Test Set N/A 8.5 db 1.2 radians peak 

1.2 radians peak Transponder 10.5 db N/A 

Test Set  ' 10.5 db 8.5 db (1.2 racims peak 

11.16 radians peak 
down 

4.2 COMHAND CHANNEL PHASE RESPONSE 

The Test Set 70 kHz Demodulator was designed t o  be ,easent ia l ly  the  same as the  

Command Demodulator i n  the transponder, There is one difference,  however: the 

output f i l t e r  in t h e  Test Se t  70 kHz Demodulator was designed t o  have f l a t t e r  

Dhase response than the  corresponding f i l t e r  in the  transponder, This agreed 

w i t h  t h e  philosophy t h a t  the Test Se t  should be the  same e l e c t r i c a l l y  as t he  

corresponding circuit in the transponder, b u t t h e  t e s t  c i r c u i t  should be quanti- 

t a t i v e l y  b e t t e r  so it can be used to  t e s t  t he  transponder. 

Phase response, o r  time delay, which is r e a l l y  t h e  important parameter, was 

meas&ed on all 70 kHz Demodulators as part of t h e  drawer tests on t h e  demodulator. 

The r e su l t s  of one of these is plot ted on Figure 4-2. 

4 -3 
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b .3 THAlJSPONDER RANGING DELAY 

Ushg the CCS Test Se t ,  t h e  ranging de lay  of a CCS Transponder can be , eas i ly  

determined. 

a. 

This was done on CCS Transponder S/N 2 uehg severa l  Test Sets.  

Ranging Delay as Uplink Signal Level is Changed 

The transponder suppresses the turn-around ranging power ( the  ranging 

parer  i n t o  the  ranging receiver) when'the r-f s igna l  into the  trans- 

ponder receiver  is reduced. T h i s  e f f e c t  is s h k  i n  Figure 4-3. 

(See Reference 1.) 

Because of t h i s  turn-around suppression, the  ranging rcvr. is required t o  

be able t o  operate over a wide ranging power. For t h i s  reason, a 

ranging delay VS. ranging power test is performed on each Test Set 

i n  the  SELF TEST mode. These results are plot ted on Figure 4-4 f o r  

three d i f f e r e n t  Test Sets ,  but  i n  a manner modified fmm the  o r i g i n a l  

data. Figure 4-4 converts "reduction i n  ranging power, i n  db" t o  

"Ilieceived Signal Level in to  S/N 2 CCS Transponder, f o r  0.6 Radians 

Modulation on Uplinkft. ' 

P a r t  of each of these curves are due to the Rak ing  Receiver operating 

. i n  noise, and pa r t  of t he  curve due t o  the method i n  which the tes t  

was conducted. For t h i s  t e s t ,  t h e  modulation index of the  ranging 

was changed t o  simulate a reduction in ranging power on t h e  downlink 

by the Transponder Receiver suppression. However, the modulation 

index was changed by adjusting a pot on t h e  modulation cont ro l  drawer. 

As the  pot i s  adjusted, the upper frequency is changed, which changes 

t h e  time delay. Our experience has been t h a t  the change i n  time 

Reference 1. Pages 103-105, V3lectronic System Test Program Final Report CCS 
Transpnder/?%FN f o r  Compatibility and Performance Evaluation", 
Inforrmtion Systems Division, NASA, Manned Spacecraft Center. 
lieport CU-66-3302-U, 15 April  1966. 
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delay due t o  the  modulation control  is grea tes t  a t  higher leve ls  of 

modulation (modulation index). Hence, only the part of the curves 

to t h e  l e f t  (lower s igna l  leve ls )  of -100 dbm, represent the r e a l  

time delay change i n  t h e  Ranging Receiver due to  change i n  ranglng 

modulation. This part represents a correct ion t o  t o t a l  ranging 

delay of a transponder when measured 'in Test S e t  S/N 2, Applying 

the above correct ion gives the ranging delay just  due t o  the  t rans-  

ponder i t s e l f .  Both the correction for S h  2 Test Set  and the 

corrected curve a re  shown i n  Figure B-5. 

Ranging Delay vsb Change in Carrier Frequency 

Figure 4-6 shows t h e  change i n  ranging delay thmugh CCS Transponder, 

S / h  2 using Test Se t  S / N  5.  Also, the  change in delay through the  

Tes t  Set i t s e l f  ( i n  the SELF' TEST mode) is shown, as t h e  frequency 

is changed. 

these  curves are not too accurate. However, they do show t h a t  t he  

b. 

. <  
Keep i n  mind t h a t  there  is only 1 n s  resolution, so 

change i n  delay through S / N  2 Transponder and t he  delay through the 

CCS T e s t  S e t  is insignif icant .  For conrparison'purposes, the change 

i n  system delay thmugh the  modified DSIF Receiver-Exciter-Ranging 

Subsystem (S/N 3)  with Apollo Block I CSM Transponder S/N E-2 is  

shown, a t  l e a s t  i n  par t  (See Reference 2). It is not  fa i r  t o  make 

a d i r e c t  comparison of those two curves. The second curve is shown 

t o  i l l u s t r a t e  the e f f e c t  of VCO loops i n  the  Ranging Receiver. 

shows the  reason why t h i s  Test Set, designed t o  t e s t  a transponder, 

Th i s  

is more accurate than other devices t h a t  use the VCO loop method i n  

t he  Hanging Receiver. 

Reference 2. "Task I - Final Report, Apollo Unified S-Band System Block I 
Compatibility Test Program", Motorola, Inc., Report WF 2996-23, 
8 September 1965., ., 
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SECTION V 

5 . 0 KECOFXENDATIONS 

The CCS Tes t  S e t  represents  a complete Test Set t h a t  meets t h e  objec t ives  for 

which it was designed. 

i t s  usefulness f o r  MSFC. 

5.1 

There are severa l  th ings  t h a t  could be done t o  improve 

IMPROVED STHONG SIGNAL PERFORMANCE OF THE TEST RECENER 

The  s t rong s i g n a l  performance of  t h e  Test Receiver, being t h e  same a8 t h e  

DSTF and KSETJ Receivers, is l i m i t e d  by the  signal-to-noise out of the receiver. 

This nlrnnl-to-nojse ratio i s  l i m i t e d  because of tho gain distr ibut ion of the 

rc$co! v v r  . 
p o l n t : r  o f  t , h  ‘I’ont, Hocoivcr. 

c ; r - \  t,jcttl. noino coriLrlt~ut1ni: ritnpen Rro n o t  opacified. However, A atudy of this 

C 1  cure 1ndLcatev why tho s t rong s igna l  signal-to-nolae r a t i o  is not  b e t t e r  t h a n  

it FY. 

I”f(:~rt 5-1 nhows t h o  s i c n a l  nnd Rn est imate of tho nolna a t  carta ln  

Somo of thone nra estimateo, nnd indeed, t h e  

Shown on Figure 5-1 are a t tenuators  lIX1l. These a t tenuators  do not  exis t  i n  

t he  present  T e s t  Se t  Keceivers, but  could b e  added q u i t e  eas i ly .  

and V-lb show t h e  signal and noise a t  various points f o r  X - 0 and f o r  each 

X = 2 0  db, respect ively.  

noise  r a t i o  is -12 db f o r  a noise  bandwidth of b MI%, which is approximately 

t h e  two-sided noise bandwidth of the  PM output. 

noise  increases to +8 db, for an improvement of 20 db. 

Tables V-la 

For the  present Test Receiver, t h e  output signal-to- 

For X = 20 db, t h i s  signal-to- 

There is  a penal ty  one m u s t  pay f o r  t h i s  s t rong signal improvement i n  s igna l -  

to-noise - t he  threshold performance of the tes t  rece iver  may su f fe r .  The 

rece iver  was desicned t o  be used i n  the DSIF System of JPL, where thresholds  of 

l o m r  than  -170 dbm were spec i f ied  (usinE a t r ave l ing  wave maser). A t  t h i s  

s i r ~ ~ a l -  l eve l ,  t h e  i-f amplif ier  must have 50 db gain f o r  X = 0 and 70 db ~ a i n  

f‘or X n 3 0  cih. The A(:C’d amplif ier  par t  of this modulo is not capable of 70 db 

1 5-1 
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gain. For the  MSFN System, signal l eve l s  can go t o  about -158 dbm. For t h i a  

Test Set,  signals can go t o  about = l s O  dbm, The i-f amplifier probably has 

adequate gain f o r  -150 dbm, i f  X - 20 db. 

S igna l  l eve l s  a t  o the r  p a r t s  of the Test Se t  w i l l  be inco r rec t  Lf t h i s  20 db 

pad i s  added. For instance, t h e  level t o  t h e  ranging w i l l  be -4s dbm, ins tead  

of t h e  -65 dbm required. Also, the  l e v e l  t o  the  10 MHz narrowband amplif ier ,  

3AIAl0, should a l so  be reduced t o  -65 dbm, 

X2 and X3, also 20 db. 

These cor rec t ions  are made by adding 

5.2 MODIFICATIONS TO ALWW MORE COMPIETE: INVESTIGATION FOR COMMAND CHANNEL 

The 70 kHz Demodulator i n  t h e  Test Set ,  and t h a t  in t h e  Transponder, can be 

This does not  give q u a n t i t a t i v e l y  checked by measuring s i g n a l - t o a o i s e  output,  

a complete p ic ture  of t h e  performance of t h e  command channel, however, the method 

t h a t  MSFC has  used was t o  co r rec t  t he  command decoder and measure message r e j e c t  

r a t e .  

b i t  e r r o r  rate and/or message r e j e c t  ra te .  

With s l i g h t  modification, the CCS T e s t  Set could be made t o  measure sub- 

A scheme t o  do t h i s  is sham on 

F i p r e  5-2. 

The blocks shown in solid l i n e s  on t h e  r i g h t  p a r t  of Figure 5-2 would be 

needed t o  determine sub-bit error rate (SBER), Errors would be counted on an 

events counter.  (The HP-~~JJSL, i n s t a l l e d  i n  the  Test Se t s ,  can be used without 

modification. ) 

Since the sub-bit rate is 1 kb/s, b i t s  t ransmit ted can be determined e i t h e r  

w i t h  an events counter,  o r  a watch. 

t o  t h a t  i n  t he  conmand demodulator. 

?he d e t e c t o r  should be i d e n t i c a l  e l e c t r i c a l l y  

. 

The blocks shown i n  dashed l ines  represent that which would be added i f  

rnsssace nc:ccptance pulses ( P L V )  and messnee redect  pulses a re  t o  be counted. 

I:PSZ;IS~ rr:ject r a t e  is messages re jected per  messages sent .  

5 -3 
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Tabie V-la 

Signal  and Noise Levels 
CCS Test  Receiver As Is 

sig. 
Level NA 

MHZ - dbm . dbdcy d b d c z  - NB NBW 

-164 10 S-Band Input -70 - 0  

( referred;  
t o  inpu t )  

-14 10 Input t o  AGC'd -20 - 0  

b P  

output of  
AGC'd amp 

-90 -18& -I& 10 

10 

-LLh 10 

-80 -134 -164 10 

4 

4 

Input t o  Mixer -8 0 -154 -164 

Output of Mixer -90 -164 

10 MHZ output 

10 MTrIz output  -80 -134 -164 

Input t o  10 MHz -65 -119 -164 
Amp/Filter 

Table V-lb 

Signal  &d Noise Levels 
CCS Test Receiver w i t h  X1, X2, and X3 - 20 db 

sig. 
Level ' NA NS NBW 

Point MHZ - dbm d b d c y  d b d c y  - 
-164 10 S-Ehd Input -70 , - 0  

( re fer red  
t o  input )  

-U 10 Input t o  AGC'd -20 - -  
Amp 

Output of -70 -164 -164 10 

Inpu t  t o  Mixer -60 -15 1 -164 10 
Output of Mixer -70 -161 4 4  10 
LO Miiz Output 4 0  -134 -16!j 10 
10 !:!I2 Output 4 0  -134 -161 i 4 

ArJC'd Amp 

Total. 
Noise 
Power 

dbm 

=94 

- 

-4L 

-94 

-81r 

-71r 

4 4  

-68 

-53 

Tota l  
Noise 
Power 
dbm - 
-94 

-21, 

-91 

-81 

-71, 
-614 

-013 

+24 

+4 

+b 

-16 

-16 

-12 

-12 

S/N 
db - 
+24 

+24 

+2 1 

+;I1 

+h 
+4 
+o 

Input, t,o 10 Igfz -13 9 -1614 -7 3 +R 
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If improvements t o  e i t h e r  t h e  command demodulator o r  t h e  sub-bit demodulator 

a r e  t o  be made, then t h i s  scheme o r  an equivalent is necessary. 

scheme w i l l  allow a more complete checkout of the  command system. 

Also, t h i s  

5.3  RANGING SELF-CHECK FE4TURE 

Af ter  the  Ranging Subsystem was designed, and during t h e  system check-out, 

a very usefu l  t e s t  was performed on the Range 'Delay Counter and PN Coder/Decoder. 

T h i s  t e s t  consis ted of a Self-check of these two drawers. The purpose of t h i s  

s e t  o f  t e s t s  i s  as f o ~ ~ o w s :  

1. Give confidence t h a t  t he  Range Delay Counter and PN Coder/Decoder a r e  

xorking properly,  

Great ly  s impl i f i e s  troubleshooting of t h e  Ranging Subsystem. 2. 

It is recommended t h a t  t h e  PN Coder/Decoder and t h e  Range Delay Counter be 

modified as described below. 

This r e t r o f i t  w i l l  require  t h e  addi t ion of a P;: card in the  Coder Bay assembly, 

a 1 E I z  ampl i f ie r  i n  t h e  Range Delay Counter, three coax re lays  i n  the coder and 

associated bay, drawer and drawer in te r face  w i r i n g .  

i n  Figure 5-3 .  

Coder. 

which in t u r n  switch the  Coder's TX CL, % C L  and CL inputs  from the ranging 

r ecs ive r  t o  the i n t e r n a l  clock generator. 

a correlat ion-vol tage generator and a test ind ica tor  l i g h t  when the  switch is  s e t  

t o  t he  t e s t  mode. 

verted i n t o  a s t a r t  switch-light and se l f - t e s t  indicator .  

The SXELF TEST logic  i s  shown 

A normal-test switch w i l l  be added to the r e a r  bulkhead of t h e  

This switch, when s e t  i n  t h e  t e s t  mode, w i l l  enable three  coax relays 

The normal-test swi tch  w i l l  a l so  enable 

The Coder's auto acquis i t ion  start switch-light w i l l  be con- 

The s e l f - t e s t  i nd ica to r  

\ ; i l l  be enabled when t h e  Coder/Range Delay Counter is operating i n  the  s e l f - t e s t  

mods. The t o t a l  code acqiiired l i g h t  w i l l  be converted i n t o  a switch-light. The 

swi t ch  w i l l  (onnblcd d u r h c  s e l f - t e s t )  ' se lec t  e i t h e r  a 25% or  106 corre la t ion  
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The opera tor  may set the  Coder and:Range Delay Counter in the self-test mode 

by : 

1, S e t  t he  MANUAL-TEST switch t o  TEST. 

2. The d i g i t a l  system is now ready for  self-test operation and it is suggested 

t h a t  t h e  opera tor  follow t h e  C o d e r m e  Delay Counter self-test procedure 

outlined i n  t h e  opera t iona l  manual. 

5.b E M  BIT ERROR DETECTOR 

The performance of t h e  1.024 Ml-Iz Bi-Phase PCM Modulator i n  the transponder 

can b e s t  be determined quan t i t a t ive ly  by measuring t h e  bit-error rate under 

For more complete tests, then, it is  recommended t h a t  a v i r i o u  conditions.  

message generator,  b i t  synchronizer, and b i t - e r r o r  de t ec to r  be used. 

Test Se t  can be easily modified t o  allow t h e  addi t ion  of t h i s  equipment. 

example of how it could be set up is shown i n  Figure 5 4 .  

The CCS 

An 

5.5 DYNAMIC RAMGING SUBSYSTEM AND DYNAMIC RANGE AND DOPPLER SIMULATOR 

The present  Hanging Subsystem was designed t o  tes t  transponders. As such, 
1 

it w a s  n o t  d e s i ~ n e d  t o  be used w i t h  a changing (dynamic) range o r  doppler. 

experimental purposes, it might be des i rab le  t o  have t h b  capab i l i t y .  

For 

Nodifications to the prosent CCS Test S e t  t h a t  would a l l o w  t h i s ,  a m  as 

follow:) : 

1. S u b s t i t u t i o n  of a VCO loop for t h e  automatic phase control loop in the 

Po ngine: Iiec o lvor  . 
The addi t ion  o f  a code clock transfer loop t o  the Ranging Receiver. 

The  addi t ion  of  a dynamic r-f doppler unit .  

The addi t ion  of a dynamic ranping u n i t ,  

the presett inp: of  any 5 t a r t "  range, 

2. 

3 .  

4. This  un3-t. shnuld d.sc pllotcr 

The f i r s t  two items are r e l a t i v e l y  s t r a i g h t  foreward, and could be accomplished 

by t h e  additfon/chnnre of severa l  modules i n  the  ranging drawer. A switch could 
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select the present (stat ic)  method or fhe dynamia method. There are several 

w a y s  that the l as t  two items could be accomplished. 

block diagram, Figure 5-5. 
One way is  shown in the 

t 
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